The aim of our study was to determine the effects of supplementation of agrimony extract (Agrimonia eupatoria L.) and a combination of agrimony with sage extract (Salvia officinalis L.) to water during the fattening period of broiler chickens on selected biochemical and antioxidant indicators in blood, and on the nutritional composition and oxidative stability of meat. A total of 117 Cobb 500 chicks were randomly divided on the day of hatching into three groups (n = 39 in each) and fattened for 42 days. All groups were fed the same diets. In experimental group A water was supplemented with agrimony extract (0.2%). In experimental group AS water was supplemented with a combination of agrimony (0.1%) and sage (0.1%) extracts. Group C was control without supplementation. The total cholesterol, low density lipoproteins and malondialdehyde in serum were decreased (P < 0.05), dry matter and fat content in meat were increased (P < 0.05) in group A. The activity of superoxide dismutase in blood and the amount of thiobarbituric acid reactive substances in thigh meat on days 1 and 8 of storage under chilling conditions were lower (P < 0.05) in both experimental groups compared to control. Our results indicate that supplementation of agrimony and sage extract to water can beneficially influence the antioxidant status as well as oxidative stability of thigh meat and thus improve meat quality. This is a first similar study comparing addition of plant extracts to water in broiler nutrition.
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Current legislation of the European Union brings new insights into animal fattening programmes as a result of increased attention for the quality of food of animal origin. Therefore, animal nutrition experts try to find ways to produce naturally products of animal origin with preferable quality (Vašková et al. 2011) . Increasing interest is devoted to using plant extracts (e.g. essential oils, oleoresins, and flavonoids) in animal and poultry nutrition required for the food industry, because herbal substances possess a much higher biological activity compared to plants from which they were derived (Windisch et al. 2008; Gräber et. al. 2014 ). Promising results have been obtained by research in this field so far, when supplementation of some herbal substances had a positive impact not only on the growth performance of broiler chickens, but also on their antioxidant status as well as on the oxidative stability of meat. For these reasons, use of natural "herbal" antioxidants in the fattening of broilers is considered to be a suitable method to achieve better antioxidant status of poultry, and also higher oxidation stability of poultry meat during storage (Luna et al. 2010; Jayasena and Jo 2014) . Agrimony (Agrimonia eupatoria L.) and sage (Salvia officinalis L.) are among the most frequently studied herbs due to their high content of active substances with antioxidant properties (Giao et al. 2009; Ryzner et al. 2013 ).
Effects of the addition of 0.2% agrimony extract and a combination of 0.1% agrimony extract with 0.1% sage extract to water on selected biochemical and antioxidant indicators, and on the chemical composition and oxidative stability of broiler meat during storage (4 °C, 8 days) were investigated.
Materials and Methods
The study was carried out using a total of 117 Cobb 500 broiler chickens. One-day-old chicks were randomly divided into 3 groups of 39 birds. Each group had three replicates (13 birds per pen). In all groups, broiler chickens were fed with the same basal diets for 42 days (Table 1) . The "Starter" broiler feed was fed from day 1 to day 14, the "Grower" broiler feed from day 15 to day 35, and the "Finisher" broiler feed from day 36 to day 42. No additives were added to the water in the control group (C) but the broiler chickens in the 1 st and 2 nd experimental groups received the water supplemented with 0.2% agrimony extract and the combination of 0.1%, agrimony extract and 0.1% sage extracts (A and AS, respectively). Powdered preparations of both extracts were purchased from Calendula (Nova Lubovna, Slovak Republic). Fresh water extracts were prepared and changed each morning and afternoon. During the entire fattening period the broiler chickens had free access to water and feed. Temperature and lighting regimes were in accordance with standards for the care of fattening broiler chickens (COBB Broiler Management Guide). The experimental protocol was approved by the Ethics Committee of the University of Veterinary Medicine and Pharmacy in Košice and the State Food and Veterinary Administration of the Slovak Republic (Ro. 1941/07-221).
On day 42 of the fattening period, the broiler chickens were slaughtered by cervical dislocation and processed. Blood samples (n = 20) were collected into heparinized test tubes and centrifuged at 1180 × g for 15 min to The vitamin-mineral premix provided per kg of diet: vitamin A 12 000 IU, vitamin D3 4 000 IU, vitamin K 4 mg, vitamin E 100 mg, thiamine 3 mg, riboflavin 9 mg, niacin 60 mg, pantothenic acid 15 mg, pyridoxine 6.0 mg, cyanocobalamin 0.04 mg, biotin 0.2 mg, folic acid 2 mg, lysine 9.5 g, methionine 4.0 g, Se 0.1 mg, Zn 100 mg, I 1 mg, Co 0.4 mg, Mn 110 mg, Cu 15 mg, Fe 120 mg separate plasma or settled at room temperature for 30 min to obtain blood serum. Whole blood, serum, and plasma samples for the analyses of antioxidant indices were frozen and stored at -65 °C till analysed. The activity of blood glutathione peroxidase (GPx, EC 1.11.1.9) was determined by the method of Paglia and Valentine (1967) with a RANSEL kit (Randox, UK). The superoxide dismutase (SOD, EC 1.15.1.1) activity in erythrocytes was analysed by the method of Arthur and Boyne (1985) using the kit RANSOD (Randox, UK). Ellman's method (1958) was used to determine the concentration of sulphydryl groups in the plasma. The concentration of malondialdehyde (MDA) in plasma was measured with the modified fluorimetric method according to J o and Ahn (1998).
High density lipoproteins (HDL) were measured in blood plasma. Low density lipoproteins (LDL), total cholesterol and triglycerides were determined in blood serum. All these indices were analysed immediately after processing by spectrophotometrical method using the biochemical analyser Cobas C111 (Roche Diagnostics Ltd., Switzerland).
Samples of breast and thigh muscles (n = 30) were obtained for analysis of the nutritional composition and oxidative stability in broiler meat. Dry matter content was determined by drying the meat samples at 105 °C for 16 h. The crude protein content was assessed using a Kjeltec Auto 1030 (Tecator Co., Sweden). The fat content was extracted in petroleum ether with Soxhlet apparatus and determined gravimetrically. The amount of thiobarbituric acid reactive substances (TBARS) as an indicator of the deterioration of lipids was performed according to Marcinčák et al. (2006) and measured spectrophotometrically at 532 nm (Helios γ, v. 4.6, Thermo spectronic, UK). Samples of thigh muscles were vacuum packed into polyethylene bags and stored in a refrigerator pre-set at the temperature of 4 °C for 8 days.
All data were analysed statistically using GraphPad Prism Software, Version 4.00 (Graphpad Prism, 2003) . One-way analysis of variance (ANOVA) with post hoc Tukey's multiple comparison test was used to evaluate significance of differences between the control and experimental groups. Results are expressed as mean ± SD and P < 0.05 was considered as a significant difference.
Results
The effects of administration of 0.2% agrimony extract and a combination of 0.1% agrimony extract and 0.1% sage extract to water on the antioxidant and lipid status in the blood at the end of the fattening period are given in Table 2 . In group A, decreased total cholesterol and LDL-cholesterol, SOD activity, and MDA concentration were determined compared to group C. A decrease in the SOD activity (P < 0.05), and a tendency to decrease (P ≤ 0.1309) in the MDA concentration were observed in group AS. In addition, concentrations of HDL-cholesterol, triglycerides, and MDA, and the GSHPx activity remained unchanged due to the supplementation in both experimental groups compared to the control group. The effects of administration of 0.2% agrimony extract and a combination of 0.1% agrimony extract and 0.1% sage extract to water on the nutritional composition and oxidative stability of broiler meat is shown in Table 3 . Only in group A, higher dry matter and fat content were found in the breast muscle. Protein content did not show any alterations in breast and thigh muscles due to the administration of the extracts in both experimental groups compared to the control group. The oxidative stability of meat was affected beneficially both in group A and AS because the TBARS concentration in thigh muscle was found to be decreased (P < 0.05) in both these groups compared to group C.
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Discussion
Inclusion of plant extracts in poultry nutrition is expected to improve the health status of the animals. Recent in vivo studies conducted in poultry (Faix et al. 2009; Kirkpinar et al. 2011; Ryzner et al. 2013 ) revealed beneficial effects of dietary supplementation of some herb extracts, especially essential oils, on blood biochemistry and antioxidant status of broilers. It is well known that plants and their extracts are a suitable source of herbal substances with antioxidant activities ). According to several authors, a combination of different plant extracts at appropriate concentrations can have more impact on the growth performance and health status of poultry than individual extracts due to synergistic interactions between herbal substances from various sources (Hong et al. 2012; Petrovic et al. 2012 ). The results obtained in our experiment did not confirm the existence of this phenomenon between the agrimony extract and sage extract at the concentrations administered in water. We can only speculate that administration of some herbal substances with antioxidant activities could lead to an enhanced antioxidant pool in the body, but direct mechanisms of their action are not well understood so far.
It is hypothesized that plant extracts supplemented to diet do not only affect the antioxidant status and biochemical indices in the blood of poultry, but via the improvement of some physiological processes, the sensory and physico-chemical properties of poultry meat can be beneficially influenced, too. In our experiment, higher dry matter content probably due to the higher fat content was observed only in the breast muscle of broilers supplemented with agrimony extract alone. Similarly, Nasir and Grashorn (2010) observed increased dry matter content in the breast muscle after the supplementation of Nigella sativa and 122 Echinacea purpurea extracts, respectively, but in both these cases due to a higher content of crude protein. Moreover, some herbal extracts possess the ability to interfere with the cholesterol biosynthesis as its inhibitor, as mentioned later, but simultaneously they may be responsible for the activation of lipogenesis. For example, dietary supplementation of lemon balm caused an increase of PUFAs content in breast muscle according to the fatty acid analysis in broiler meat . In this experiment, supplementation of 0.2% agrimony extract alone as well as the combination of 0.1% agrimony extract with 0.1% sage extract to water have a beneficial effect on the degradation processes in thigh meat during storage at 4 °C for 8 days. Smet et al. (2008) also noted that rosemary, green tea and grape seed extracts had some antioxidant potential to limit the fat decomposition in refrigerated poultry muscles.
Plant extracts added to feed may influence cholesterol production in the blood and tissues via reduction of activities of enzymes involved in its metabolism. Some studies have indicated that pulverised herbal extracts (such as turmeric, oregano, anise, cinnamon, garlic, citrus peel) could reduce the level of cholesterol in poultry (Toghyani et al. 2011; Hong et al. 2012) . Plant extracts may affect cholesterol levels by action on the enzyme acylCoA-cholesterol acyltransferase (ACAT), which esterifies cholesterol to its esters in tissues (Ciftci et al. 2010) . The effect of agrimony on the reduction of total cholesterol is probably the same as in other plants, the inhibition of a 3-hydroxy-3-methylglutaryl coenzyme A reductase activity. Further research is required to clarify the hypocholesterolaemic and hypolipidaemic effects of the 0.2% agrimony extract found in our study.
In conclusion, the presented results indicate that only the supplementation of 0.2% agrimony extract in water can beneficially influence the antioxidant and lipid status in blood, as well as the nutritional composition of broiler meat and its oxidative stability after storage at 4 °C for 8 days. The addition of 0.1% agrimony extract with 0.1% sage extract to water has some antioxidant effects in blood and a beneficial effect on meat deterioration.
